2 STUDY THE β − DECAY
The beta decay in no SES
In no SES, the β − decay rates is given by (Fuller et al. 1980; Aufderheide et al. 1990 Aufderheide et al. , 1994 Liu 2016a) . 
where J i is the spin, and E i is excitation energies of the parent states. k B is the Boltzmann constant. f t ij is the comparative half-life connecting states of i and j, Q ij is the nuclear energy difference between the states of i and j. Q 00 = M p c 2 − M d c 2 , M p and M d are the masses of the parent nucleus and the daughter nucleus, respectively, E i and E j , are the excitation energies of the i th and j th nuclear state. G(Z, A, T ) is the nuclear partition function.
The phase space integral ψ(ρ, T, Y e , Q ij ) for the β − decay is given by ψ(ρ, T, Y e , Q ij ) = c 
where p, m e , U F and ε e are the electron momentum, mass, chemical potential and energy, respectively.
F (Z + 1, ε e ) is the Coulomb wave correction.
In no SES, a reasonable approximation for the electron chemical potential takes the form (e.g., Bludman 
According to discussions from Zhou & Li et al. (2017) , the half-life f t ij has the labels ln(f t ij ) = a 1 +(α 2 Z 2 −5+a 2 N − Z A ) ln(Q if −a 3 δ)+(a 4 α 2 Z 2 )+ 1 3
where α is the fine structrue constant with 1/137. The correction factor S(N, Z) will take the labels (e.g., Zhou & Li et al. 2017 )
where a i (i =, 2, 3, ...9) = 11.09, 1.07, −0. 935, 3.016, 3.879, 1.322, 6.030, . In Eq.(4), the shell and pairing effect on the nuclear matrix elements, which reflect the main information of the nuclear structure. The factor δ is well described by δ = (−1) et al. 2017) .
The Fermi and the Gamow-Teller matrix elements for β − decay is given by (e.g., Aufderheide et al. 1994 ) is the final daughter state. N n , and N p are the numbers of neutrons and protons within the j n , and j p shell, respectively. The Shell Model Monte Carlo (SMMC) method is used to calculate the total amount of GT strength S GT − and the response function R A (τ ) of an operatorÂ at an imaginary-time τ . R A (τ ) is given by (e.g., Langanke et al. 1998; Langanke et al. 2003 )
where E i and E f are energies corresponding to the final states |i and |f . The total strength for the operator is given by R(τ = 0). The strength distribution is given by
which is related to R A (τ ) by a Laplace Transform,
Note that here E is the energy transfer within the parent nucleus, and that the strength distribution S GT + (E) has units of MeV
and β = 1/T N , T N is the nuclear temperature.
The beta decay in SES
Electron screening for nuclear reactions in astrophysical environments plays an unexpected and important role in enhancing reaction cross sections. In our previous works (e.g., Liu. 2013d Liu. , 2016c Liu. , 2017a Liu. , 2017b , we discussed this interesting problem. Based on the linear response theory model (hereafter LRTM), Itoh et al.(2002) also studied the influence of the screening potential on the weak interaction. The electron is strongly degenerate in our considerable regime of the density-temperature, which is given by
here the electron Fermi temperature and the density are T F and ρ 7 (in units of 10 7 g/cm 3 ), respectively. Jancovici et al. (1962) studied the static longitudinal dielectric function for relativistic degenerate electron liquid. The electron potential energy in SES is given by
where ǫ(q, 0) is Jancovicis static longitudinal dielectric function and k F is the electron Fermi wave-number.
For relativistic degenerate electrons and based on LRTM, the screening potential is calculated as
where the parameters J(r s , R), r s and R are discussed by Itoh et al.(2002) in detail. The Eqs. (12, 14) are satisfied for 10 −5 ≤ r s ≤ 10 −1 , 0 ≤ R ≤ 50, which fulfill in the pre-supernova environment.
When we take account into the influence of SES, the beta decay Q-value changes by (Fuller et al(1982) )
Thus, the Q-value of beta decay changes from
We can not neglect its influence at high density when electron is strongly screened due to the screening energy is so high. The electron screening make electron energy increase from ε e to ε 
(2) for the SES beta decay rates, and is calculated as
Therefore, according to Eq.(1), the beta decay rate in SES is given by
where the half-life f t s ij is given by
We compare the results (λ s bd ) in SES with those of the rates (λ 0 bd ) without SES by defining an enhancement factors C, which is given by
NUMERICAL RESULTS AND DISCUSSIONS
Based on proton-neutron quasi particle RPA model, Nabi(2010) investigated the beta decay rates in supernova. Under the same conditions, FFN (Fuller et al.1982) and Aufderheide et al. (1990 Aufderheide et al. ( , 1994 also discussed the beta rates. Their studies show that the beta decay rates play an important role in the core collapse calculations and evolution. However, they neglected the effect of SES on beta decay. Here based on LRTM, we discuss the beta decay for SES models (I) and (II). The model (I) and (II) are corresponding to the case without and with correction and correction of Q-value. Figure 1 and 2 presents the influences of density on beta decay rates of some iron group isotopes for the two SES models. The no SES and SES rates corresponded to solid and dotted line are compared. We detailed the GT transition contribution for beta decay according to SMMC method. For a given temperature, we find that the beta decay rates decrease by more than six orders of magnitude as the density increases. The strong screening rates always higher than those of no SES. For example, at ρ 7 = 5000, T 9 = 7.79, Y e = 0.45 the rates for 53 Fe are 1.716 × 10 −17 and 4.065 × 10 −17 corresponding to those of no SES and SES for model (I) in Fig.1(b) , but are 1.129 × 10 −16
and 2.451 × 10 −16 for model (II) in Fig.2(b) . The SES beta decay rates of model (II) are by more than one order of magnitude higher than those of model (I). Figure 3 shows the screening enhancement factors C as a function of ρ 7 . Due to SES, the rates may increase by about two orders of magnitude. For instance, the screening enhancement factor C increases from 11.55 to 170.8 when the density increases from 10 3 to 10 4 for 53 Fe at T 9 = 0.79, Y e = 0.48 for model (II)in Fig.3(a) . The lower the temperature, the larger the effect of SES on beta decay rates is. One possible cause that the SES mainly increased the number of higher energy electrons. These electrons can actively join in the beta decay reaction. Moreover, the SES can also make the beta decay threshold energy greatly Fig.3(a) , respectively. 135.2 for model (II), respectively. But the difference of the screening enhancement factor C between model (I), and (II) is small at the higher temperature. This is because that the higher the temperature, the larger the electron energy is for a given density. So the higher temperature weaken the effect of SES on beta decay.
The beta decay rates are strong depended on the decay Q-value. The higher the energy of outgoing electron, the larger the rates become when the electron energy is more than the threshold energy. When we take account the Q-value correction in model (II), according to Eq.(4), the half-life will increase as the the Q-value increase. The nuclear binding energy increases because of interactions with the dense electron gas in the plasma. The beta decay Q-value (Q if ), changes at high density due to the affect of the charge dependence of this binding. Based on Eq.(11), Q-value of beta decay decreases from Q if to Q if − ∆Q.
Thus, the beta decay will increase due to correction of Q-value in model (II) according to Eq. (1) and Eq.(4).
In supernova evolution the distributions of Gamow-Teller strength play a key role. As examples for the excited state GT distributions of 55,56 Fe, Fig.4 presents some information about the comparison of our results by SMMC with those of Nabi (Nabi et al. 2010 ) for beta decay. We the first two excited state distributions are only shown. From fig. 4 , one finds that our results of GT strength distributions calculated are lower than those of Nabi. For example, the GT − distributions for 55 Fe are 1.650MeV, 1.362MeV corresponding to Nabi's and ours at E i = 3.86MeV, E j = 7.461MeV, and are 0.7265MeV, 0.5865MeV for 56 Fe at E i = 5.18MeV, E j = 6.055MeV. Based the pn-QRPA theory, Nabi et al. (2010) analyzed nuclear excitation energy distribution by considering the particle emission processes. They calculated Gamow-
Teller strength distribution and only discussed the low angular momentum states. By using the method of SMMC, actually we discuss GT intensity distribution and adopt an average distribution.
Synthesizes the above analysis, the charge screening strong effects the beta decay. The influence may be mainly come from following several factors. First, the electron Coulomb wave function is strongly changed by the screening potential in nuclear reactions. Second, the energy of outgoing electrons increases greatly due to the electron screening potential. Third, the energy of atomic nuclei also increases because of the electron screening (i.e., increases the single particle energy). Finally, the electron screening effectively make the number of the higher-energy electrons increase. So the electron energy is more than the threshold of beta decay. SES relatively decreases the threshold needed for beta decay.
CONCLUDING REMARK
Based on LRTM and Fermi theory, we discuss the beta decay process for two typical SES models (i.e., model (I) and (II)). We detailed the GT transition contribution to the beta decay according to SMMC 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 10 Table 1 The strong screening enhancement factor C for model (I) and (II) at ρ 7 = 1000 in some typical astronomical conditions. with the increasing of the density. The strong screening rates always higher than those of no SES. The SES beta decay rates of model (II) are by more than one order of magnitude higher than those of model (I). Our results show that the beta decay rates increase by about one order of magnitude due to SES. For instance, the screening enhancement factor C increases from 11.55 to 170.8 when the density increases from 10 3 to 54 Fe, 55 Fe, and 56 Fe 7 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 10 and not in SES for model (II). Table 2 The strong screening enhancement factor C for model (I) and (II) at ρ 7 = 10000 in some typical astronomical conditions. are quite relevant for numerical simulations of stellar thermal evolution. Our results may be helpful to the future studies of burst mechanism of supernova, and cooling numerical simulation.
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